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Preface

This report is the first in a set of documenting version 7.0 (version 3245.1090 under the old num-
bering system) of the EQ3/6 software package. This set includes:

I. The EQ3/6 Package Overview and Installation Guide (Wolery, 1992a).

Il. The EQPT User’s Guide (this report).

[ll. The EQ3NR Theoretical Manual and User’s Guide (Wolery, 1992b).

IV. The EQ6 Theoretical Manual and User’s Guide (Wolery and Daveler, 1992).

EQ3NR is the speciation-solubility code in the EQ3/6 package. EQ6 is a reaction path code and
hence deals with the evolution of a water/rock system as reaction progress or time advances.
EQPT is the EQ3/6 data file preprocessor.

The development of EQ3/6 has been supported by a number of programs concerned with geolog-
ic disposal of high level nuclear waste, including the Office of Nuclear Waste Isolation, the Salt
Repository Project Office, the Waste Isolation Pilot Plant (through Sandia National Laboratory),
the Nevada Nuclear Waste Storage Investigations, and the Yucca Mountain Site Characterization
Project. Documentation for the package is aimed at satisfying the requirements of the U.S. Nu-
clear Regulatory Commission for software used for this purpose (Silling, 1983).

The Lawrence Livermore National Laboratory has not certified that EQ3/6 constitutes approved
code for the conduct of quality affecting work for the Yucca Mountain Project.

No source codes or data files are reproduced in this report, nor are any computer media contain-
ing such items a part of this report or any of the other reports documenting this version of EQ3/6.
The software itself must be obtained as described below.

The examples presented in this series of reports correspond to version 7.0 of the software and the
R10 set of supporting thermodynamic data files. As of the date of publication of this report, the
most recent version of the software is version 7.1 (containing bug fixes, but no enhancements),
and the most recent set of data files is R16.

Agencies of the United States Government and their contractors may obtain copies of the soft-
ware and its documentation from:

Energy Science and Technology Software Center
P. O. Box 1020
Oak Ridge, TN 37831-1020

Telephone: (615) 576-2606



Requests to obtain the software under a licensing agreement should be addressed to:

Technology Transfer Initiatives Program, L-795
Attn: Diana (Cookie) West

Lawrence Livermore National Laboratory

P.O. Box 808

Livermore, CA 94550

Telephone: (510) 423-7678
Fax: (510) 422-6416
Secretary: (510) 422-6416

Comments and questions concerning EQ3/6 exclusive of the thermodynamic data base should be
addressed to the code custodian:

Thomas J. Wolery, L-219

Lawrence Livermore National Laboratory
P.O. Box 808

Livermore, CA 94550

E-mail: woleryl@linl.gov
Telephone: (510) 422-5789
Fax: (510) 422-0208
Secretary: (510) 423-2970

Comments and questions which concern the EQ3/6 thermodynamic data base should be ad-
dressed to the data base custodian:

James W. Johnson, L-219

Lawrence Livermore National Laboratory
P.O. Box 808

Livermore, CA 94550

E-mail: johnson@s05.es.lInl.gov
Telephone: (510) 423-7352

Fax: (510) 422-0208

Secretary: (510) 423-2970
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Glossary of Symbols

Symbols used to represent cations in the notation of Harvie, Mgller, and Weare (1984); Xee also
X

Thermodynamic activity of theth aqueous solute species.
Thermodynamic activity of water.
Thermodynamic activity of the-th component of thé-th solid solution phase.

Generalized hard core diameter or “ion size” in agueous solution.

Hard core diameter or “size” of theh aqueous solute species.
Debye-HiickelA parameter used in writing expressionsléwgy, 4 ;.
Debye-HickeA parameter used in writing expressionslifoa,,

Stoichiometric reaction coefficient, the number of moles o$itieaqueous species appearing in the
r-th agueous reaction; it is negative for reactants and positive for products.

Stoichiometric reaction coefficient, the number of moles o$itieaqueous species appearing in the

reaction for the dissolution of thgeth pure mineral; it is negative for reactants and positive for
products.

Stoichiometric reaction coefficient, the number of moles o$itieaqueous species appearing in the

reaction for the dissolution of thieth gas species; it is negative for reactants and positive for
products.

A parameter theoretically equivalent to the procﬁB\t, and appearing in Pitzer’s equations with an
fixed value of 1.2.

Debye-HiickeB parameter used in writing expressionslfoy; or log, g V;.

Third order interaction coefficient for catidvh and aniorX.

The electron. In common thermodynamic formalism, this is usually a hypothetical species, not a real
one.

Redox potential, volts.Theoretical equilibrium electrical potential of a redox couple;
Eh = g'-373-:33-1—(Iogf02—4pH —2loga,, —logKg,) , wheref02 is understood to be the hypotheti-
cal equilibrium oxygen fugacity in aqueous solution.
Debye-Hiickef function.
Debye-Hickef function;f'(I) = df/dl.

Oxygen fugacity.

The Faraday constant, 23062.3 cal/equiv-volt.

Subscript denoting a gas species.

A function used to describe the ionic strength dependence of the second order interaction coefficient

in Pitzer’s equations.

-V -



Pry

pe

Xoy
X, X'

lonic strength.

Thermodynamic equilibrium constant.

Thermodynamic equilibrium constant for the half-reaction
2H,0( = Oy + 4H" +4e

Molal concentration of theth aqueous solute species.
Symbols denoting neutral species.

Site-mixing parameter for thg-th solid solution. INy, = 1, the model is equivalent to a molecular-
mixing model.

Oxygen gas; in aqueous solution, this refers to a hypothetical species sirgijaiso symbolized
assg.

Thek-th parameter used to compute the interaction coefficldfptsVy, Wy, which in turn are
used to compute the activity coefficients of end-member componentsyntthsolid solution.

Pressure, bars.

Logarithm of the hypothetical electron activipe = F EW(2.303RT).

Subscript denoting an aqueous reaction.

The gas constant, 1.98726 cal/niKl-

Subscript denoting an aqueous speciesw impliesH20(|)).

Subscript denoting s in the range from Bdpexcluding the casess= w ands = sp.

Subscript implying the species formally associated with the aqueous reaction designmated by
(s' =r+sp).

Subscript denoting the hypothetical agueous sp€zjgs.

The total number of aqueous master species; depending on the problem g fg@edual to or
greater tharsg.

Total number of aqueous species.

TemperaturelK.

Subscript denoting water (e.@,, the activity of water).

Interaction coefficients used to compute the activity coefficients of end-member components in the

Y-th solid solution.

A general algebraic variable.

Mole fraction of water in aqueous solution.

Mole fraction of thes-th end member of thg)-th solid solution.

Symbols denoting anions.



zZg Electrical charge of theth aqueous species.

2.303 Symbol for and approximation lof 10. As an approximation, this is not in general sufficiently ac-
curate approximation; this constant should be computed to full machine accuracy in a computer code
in order to avoid both inaccuracy and inconsistency.

04, Oy Parameters appearing in Pitzer’s equations.
(0) [1) K(©2)
Bmx: Bmx Bmx

Observable second order interaction coefficient parameters for détord aniorX.

Y; Molal activity coefficient of the-th aqueous solute species.

€ Subscript denoting a chemical element.

€T Total number of chemical elements in a system.

{Nmx Observable third order interaction coefficient for neutral spédjestionM, and aniorX.

O Harvie, Mgller, and Weare’s (1984) notation Mg

SGMM. Observable short-range second order interaction coefficient for cMiamsiM'.

Aii(1) Second-order interaction coefficient for tih andj-th aqueous solute species; in general, this is a

function of the ionic strength.

A (D) The derivative oh;(I) with respect to ionic strength.
0 (1) (2
Amx s Amx s Amx

Second order interaction coefficient parameters for cafiamd aniorX.

Aw Rational (mole fraction) activity coefficient of wateq, = A, X,
Aoy Rational (mole fraction) activity coefficient of tleeth end member of thg-th solid solution.
E

Aum(D The electrostatic part &y (1).

SVIVE The short-range part af,(1); treated as a constant.
Hijk Third-order interaction coefficient for theh, j-th, andk-th aqueous solute species.
o,a Symbols denoting end-member components of a solid solution.
Oy Total number of end members in tieth solid solution.
(0} Subscript denoting a pure mineral.
U] Subscript denoting a solid solution.
Wpmmx Observable third order interaction coefficient for cativthandM' and aniorX.
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EQPT, A Data File Preprocessor for the EQ3/6 Software Package:
User’s Guide and Related Documentation (Version 7.0)

Abstract

EQPT is a data file preprocessor for the EQ3/6 software package. EQ3/6 currently contains five
primary data files, calledataO files. These files comprise alternative data sets. These data files
contain both standard state and activity coefficient-related data. Tom@egup, andnea) sup-

port the use of the Davies or B-dot equations for the activity coefficients; the othémtwo (

andpit) support the use of Pitzer’s (1973, 1975) equations. The temperature range of the thermo-
dynamic data on these data files varies froft€2&nly to 0-300C. The principal modeling codes

in EQ3/6, EQ3NR and EQ6, do not readaaaO file, however. Instead, these codes read an un-
formatted equivalent calleddatal file. EQPT writes alatal file, using the corresponding

dataOfile as input. In processingdataOfile, EQPT checks the data for common errors, such as
unbalanced reactions. It also conducts two kinds of data transformation. Interpolating polynomi-
als are fit to data which are input on temperature grids. The coefficients of these polynomials are
then written on theatalfile in place of the original temperature grids. A second transformation
pertains only to data files tied to Pitzer’s equations. The commonly remirsedvablePitzer
coefficient parameters are mapped into a sptiafitive parameters by means of a set of conven-
tional relations. These primitive form parameters are then written ontlathefile in place of

their observable counterparts. Usage of the primitive form parameters makes it easier to evaluate
Pitzer's equations in EQ3NR and EQ6. EQPT and the other codes in the EQ3/6 package are writ-
ten in FORTRAN 77 and have been developed to run under the UNIX operating system on com-
puters ranging from workstations to supercomputers.

1. Introduction

EQPT is a data file preprocessor. It is part of the EQ3/6 software package (see Wolery, 1992a).
It replaces the EQTL code (see Wolery, 1983). This report describes EQPT in version 7.0 (ver-
sion 3245.1090 in the old numbering system) of this package (see the EQ3/6 Package Overview
and Installation Guide, Wolery, 1992a). Other codes in the package include EQ3NR (Wolery,
1992b), a speciation-solubility code, and EQ6 (Wolery and Daveler, 1992), a reaction path code.
The relationship of EQPT code to EQ3NR, EQ6, and the set of supporting thermodynamic data
files is shown in Figure 1. This figure depicts the flow of information involving these codes. At
present, there are five distinct data files, denoted by the sudfaxessup, nea hmw, andpit.

These are provided in formatted ASCII and are calkdO files. The full name of such a file
ordinarily has a form exemplified lata0.com.R1Qwhere theR10is a stage number (a con-
figuration control identifier). On some systems, it is necessary to compress this to a form exem-
plified by daOcom.R10(see Wolery, 1992a).

The user of EQ3NR or EQ6 must select which of the five data files is most appropriate to a given
problem. Each data file corresponds to a general formalism for treating the activity coefficients
of aqueous species and contains the relevant activity coefficient data as well as standard state
thermodynamic data (e.g., dissociation constants)cohesup, andneadata files are specific

to a general extended Debye-Huickel formalism and can be used by EQ3NR and EQ6 with either
the Davies (1962) equation or the B-dot equation (Helgeson, 1969). These equations are only
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DATAO0.COM OUTPUT DATA1.COM
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DATAO.NEA S DATA1.NEA S
DATAO.HMW DATAL.HMW
DATAO.PIT SLIST DATAL.PIT
Y, _ Y,
TAB OUTPUT OUTPUT
PICKUP |la—
PICKUP —» INPUT INPUT

Figure 1. The flow of information among the computer codes EQPT, EQ3NR, and EQ6. Computer codes are rep-
resented by ovals, files by rectangles.

valid in relatively dilute solutions. THanw andpit data files are specific to the formalism pro-
posed by Pitzer (1973, 1975) and can be used to model solutions extending to high concentra-
tions. However, the scope of chemical components covered is smaller. The temperature limits on
the data files also vary, from 25 only to 0-300C.

Some important data file characteristics are given in Table cdarhéfor “composite”) data file
is the largest o f the three data files specific to the extended Debye-Huckel formalism. It is a prod-
uct of Lawrence Livermore National Laboratory (LLNL) drawing on many data sources, includ-



ing those on which the other four data files are basedsujhdata file is based entirely on
SUPCRT92 (Johnson, Oelkers, and Helgeson, 1992), a software package and thermodynamic
data base founded on the work of Helgeson and Kirkham (1974ab, 1976), Helgeson et al. (1978),
Tanger and Helgeson (1988), Shock and Helgeson (1988, 1989, 1990), Shock, Helgeson, and
Sverjensky (1989), Johnson and Norton (1991), and Shock et al. (1992 ddata file is

based entirely on Grenthe et al. (1989, draft report), a product of the Data Bank of the Nuclear
Energy Agency of the European Community. This work has recently been published as Grenthe
et al. (1992). Thémw data file is based on Harvie, Mgller, and Weare (1984) pitheata file

is based mostly on data summarized by Pitzer (1979). All five data files are maintained at LLNL
in a relational data base described by Delany and Lundeen (1991). This relational data base is
part of the Yucca Mountain Site Characterization Project’s Technical Data Base.

Thesupdata file has a high level of internal consistency among the standard state thermodynam-

ic data. In addition, the temperature-pressure dependence of these data are represented by a suite
of equations of state for minerals, gases, and aqueous species that are well established in the
geochemical literature (see references noted above). This data file covers a wide range of chem-
ical elements and species of interest in the study of rock/water interactions (e.g., components
which make up the major rock-forming and ore-forming minerals). It also includes a large num-
ber of organic species, mostly of small carbon numbBgiQdg). Theneadata file is something

of a specialty item. Its strongest point is a thorough representation of the thermodynamics of ura-
nium species.

Thecom (composite) data file encompasses a much broader range of chemical elements and spe-
cies. It includes the data found on #up andneadata files, with preference given to data from

the former in cases of overlap. It also includes some data foundhmilealata file, as well as

other data which do not appear in any of the other data files. Some of these data are estimates
based on correlations or extrapolations (as to higher temperature), and are not tied directly to ex-
perimental measurements. Téwm data file thus represents a melange of data, which by its na-
ture offers less assurance of internal consistency. However, this offers the only means presently
available for modeling aqueous solutions with a high degree of compositional complexity, such
as the fluids expected to be found in and about a facility for the geologic disposal of industrial or
nuclear waste (e.g., the potential repository for high-level nuclear waste at Yucca Mountain,
Nevada).

Thehmw data file has the highest degree of internal consistency of any of the five data files, in-
cluding mutual consistency of activity coefficient data and standard state thermodynamic data. It
can be applied to dilute waters or concentrated brines. However, it only treats the set of compo-
nents present in the “sea-salt” system (the major cations and anions present in seawater, including
carbonate and bicarbonate). The geochemically important components aluminum and silica are
not included. Also, this data file is limited to a temperature 8293 hepit data file can also be
applied to concentrated brines. It covers a larger set of components, but these mostly involve oth-
er cations and anions of strong electrolytes. Examples include lithium and bromide. This data file
nominally covers the temperature range of 0c<)MHowever, it represents a melange of data,

not a carefully crafted internally consistent set.

What one can do with EQ3NR or EQ6 depends to a high degree on what is on the supporting data
file and if so how the species and reactions on the data file are organized. For example, iron does



Table 1. Major characteristics of the current five EQ3/6 data files (“R10” versions).

Activity Number of Number of  Number of Number of Number of Number of
File Name Coefficient  Temperature Chemical Basis Aqueous Pure Solid Gas
(Suffix) Source Formalism  Limits Elements  Species Species Minerals Solutions Species
com GEMBOCHS Extended 0-30C0C 78 147 852 886 12 76
(LLNL) Debye-
Hickel
sup SUPCRT92 Extended 0-300C 69 105 315 130 0 16
Debye-
Hickel
nea NEA draft Extended 0-30C0C 32 50 158 188 0 76
report Debye-
Hickel
hmw Harvie, Mgller, Pitzer's 25°C only 9 13 17 51 0 3
and Weare Equations
(1984)
pit Pitzer (1979) Pitzer's 0-100C 52 62 68 381 0 38

Equations




not appear on themw data file, so this file can not be used to model the behavior of iron in brine-
mineral systems. Similarly, uranium does not appear osupeéata file. Even if a chemical el-
ement does appear on a given data file, the corresponding species required for a given problem
must also appear on it.

EQPT processes thedataOfiles one at a time (looking for a file named simgéata0, though

these files are normally stored under names which include the relevant suffixes) and writes a cor-
responding unformatted data file, which is caBedply datal These are also normally stored
under names including the relevant suffixes (elatal.com.R1(. To run EQ3NR or EQ6, the

user must provide one of these files, which is known to each code singayeds

To process all five data files running EQPT directly thus requires the user to do a lot of renaming
of the various files. This is not very convenient. The export package includes a UNIX shell script
calledruneqgpt to make the job easier. This script and its usage are described in the EQ3/6 Pack-
age Overview and Installation Manual (Wolery, 1992a). Caution: this script may require local
modification, as it needs data for the location within the local directory structure of both the
dataOfiles and the EQPT executable file The script is invoked by commands of the form:

runegpt R10 all

(processes atlataO files with stage numbdR10) or:
runeqgpt R10 com

(processes only the data fdata0.com.R10).

Theruneqgpt script renames all of the files produced, incorporating the data file key and stage
number of eackataO file processed. For example, ttha&tal file for data0.com.R10will be
nameddatal.com.R10 and theslist file will be namedslist.com.R10 Naming thedatal files

in this manner facilitates running EQ3NR and EQ6 under the shell sorg36 (se the EQ3/6
Package Overview and Installation Manual, Wolery, 1992a).

Note that EQPT in its present form hasimput file and no user options. In porting EQ3/6, the
user need only run EQPT on each ofdaénO files provided. This should be a simple process.
The actual purpose of this manual is to comply with the NUREG documentation requirements
(Silling, 1983) and to provide information concerning the data file structure and its processing
that might be useful to users who modify the original data files or make up data files of their own.

The data file preprocessor EQPT performs a number of functions. It checks the composition,
charge, and reaction coefficient data aataOfile for internal consistency and fits interpolating
polynomials to various temperature dependent data which are organizedatathide on tem-
perature grids. Such data include certain activity coefficient parameters, such as Debye-Hiickel
Ay10andBy, and the equilibrium constants for the reactions represented on the data file. In addi-
tion, in the case of data files specific to the formalism of Pitzer’s equations, observable interac-
tion coefficients are mapped to a set of conventionally defined primitive interaction coefficients.
EQPT then writes thdatal file corresponding to the inpdataOfile. It also writes a formatted
equivalent, calledatalf. The user may examine this if desired, but this file is not otherwise used
for any purpose. In addition, EQPT writes to a screen file amdigrut file, both of which are



generally significant only if an error condition is encountered. In addition, it writslssa(spe-

cies list) file. This is very useful to the user, as it lists the species that are represented on the data
file and identifies which species are in the strict and auxiliary basis sets. If no errors are encoun-
tered, theoutput andslist files are nearly identical.

When processing data files corresponding to the Pitzer formalism, EQPT also writes two files
calleddptl anddpt2. The former contains the original, observable Pitzer coefficient data. The
latter contains the equivalent conventional primitive Pitzer coefficient data. These files are ves-
tigial and may be discarded.

Chapter 2 describes the organization of species and reactions. This is centered on the concept of
a set of basis species, including the concept of an auxiliary basis set. Chapter 3 describes the types
of thermodynamic data present on the data files, how they are represented, and how they are
transformed or mapped by EQPT when it writesdhi 1 file. Chapter 4 describes the structure

of thedataO files and the correspondimigtal files. Chapter 5 describes the code architecture.
Appendix A contains a glossary of the major code variables. The source code modules are listed
and briefly described in Appendix B (for a similar treatment of EQLIB modules, see Appendix

B of the EQ3/6 Package Overview and Installation Guide, Wolery, 1992a). Appendix C contains

a list of error messages generated by EQPT modules, along with related notes (see Appendix C
of Wolery, 1992a, for a similar list for EQLIB modules). Appendix D contains notes pertaining

to known bugs and such. Appendix E containsstistfiles for thecom andhmw data files.

EQPT and the other codes in the EQ3/6 software package are written in FORTRAN 77 and have
been developed to run under UNIX operating systems on computers ranging from workstations
to supercomputers, including Sun SPARCstations, VAXes (ULTRIX operating system), Alliants
(CONCENTRIX operating system), and Crays (UNICOS operating system). They are fairly
readily portable to VAX computers running the non-UNIX VMS operating system. They may

be portable as well to 386 and 486 PCs. Platforms used at LLNL include Sun SPARCstations and
an Alliant FX/80. For details concerning platforms, see the EQ3/6 Package Overview and Instal-
lation Guide (Wolery, 1992a).



2. Organization of Species and Reactions

The concept of a set of basis species is critical to the data base organization. EQ3/6 further uti-
lizes the concept of a set of auxiliary basis species. The purpose of the present chapter is to
present a brief description of these concepts as they pertain to the structure of the EQ3/6 data file.
These concepts are discussed in more detail and from the viewpoint of the code user in Chapter
5 of the EQ3NR Theoretical Manual and User’s Guide (Wolery, 1992b).

A basisspecies is a species used as a general “building block” for writing chemical reactions in

a standardized format that is convenient for chemical modeling. Each species appearing in a re-
action is a basis species, except for one non-basis species which is associated with the reaction
itself. In the format used in EQ3/6, each reaction always destroys this associated non-basis spe-
cies. This is illustrated by the reaction:

CaHCGQ, = Ca™ +HCOy 1)

where the ion pai€aHCQ;" is the associated (non-basis) species and the other three species ap-

pearing in the reaction are basis species. Because it is a non-basis §at@S;" does not
appear in any other reaction on the data file.

Each basis species on an EQ3/6 data file must be an aqueous species. In addition, it should usu-
ally be composed of no more than three chemical elements, no more than one of which may be

other than oxygen or hydrogen. ThHsQOy), H*, Na*, Ca?*, CI', UO,2*, SO;?", andHCO5 are
0]

examples of species which can be and are used as basis species. SpecigSaCDasand
UO,COz(5q) should not appear as basis species on the data file, because they do not meet this

requirement. However, they can be switched into the active basis set via basis switching options
available in EQ3NR and EQ6 (See Wolery, 1992b, and Wolery and Daveler, 1992). These re-
strictions on basis species composition are employed in order to insure that the corresponding
mass balance totals for an aqueous solution pertain to physically measurable quantities (see
Chapter 5 of the EQ3NR Theoretical Manual and User’s Guide, Wolery, 1992b). These are not
hard and fast rules. An exception will be noted later in this chapter.

Eachstrict basis species is associated one-to-one with a a chemical element, with the exception
of one which is associated with a redox parameter. The strict basis species used to write oxida-
tion-reduction reactions in EQ3/6@5, which is treated as a fictive aqueous species. The asso-

ciated redox parameter is the oxygen fugacity. A strict basis set is a minimal basis set; it
represents the smallest possible basis set for a given set of chemical components, and corre-
sponds to the case of complete chemical equilibrium within the aqueous solution. A strict basis
species has no associated reaction.

It is advantageous to allow for anxiliary basis set. Its members are usually similar species,

most often representing a chemical element in a different oxidation state. An auxiliary basis set
permits consideration of disequilibrium between a species in this set and a related species in the
strict basis set. They are related by a reaction that is associated with each member of the auxiliary



basis set. For example,FE" is in the strict basis set aRe>" is in the auxiliary basis set, the
reaction may be written as:

Feo" + %Hzo = Fe +H +

1
2

The auxiliary basis set is preserved in its original form by EQPT. In EQ3NR or EQ6, an auxiliary
basis species may be eliminated fromahgvebasis set by using the associated reaction to re-
write all other reactions originally written in terms of that species so that it no longer appears in
them. For example, the reaction:

O, (2)

FeCll = Fe*" +3CI’ @3)
is combined with eq (2) to obtain:

1 _ 2+ +
QHZO = Fe +H +

1

(0]
+
FeC% >

0, +3CI (4)

The ferric trichloride complex then appears to be a complex of the ferrous ion. The mass action
equation corresponding to reaction (2) is activated as a constraint, so the ferric ion itself (in ad-
dition to its complexes) is treated as a “complex” of the ferrous ion.

In a geochemical modeling code such as EQ3NR or EQ6, the incorporation of an auxiliary basis
set allows the code user to treat a species in this set as either a basis species or as a non-basis
(dependent) species. If it is treated as a basis species, an additional mass balance relation is de-
fined and the reaction relating the species to a corresponding basis species is allowed to be in dis-
equilibrium (the degree of which can be calculated). Otherwise, this auxiliary basis species (and

all of its dependent species) are treated as dependent species of that corresponding basis species.
They are then folded into the mass balance for that species.

Each reaction is associated with a non-basis or auxiliary basis species, and each non-basis or aux-
iliary basis species has an associated reaction. If an auxiliary basis species is to be treated as a
basis species in EQ3NR or EQG, its associated reaction is ignored, except for the purpose of com-
puting the degree of disequilibrium. If an auxiliary basis species is eliminated from the active ba-
Sis set, it is treated as a non-basis species, and its reaction is utilized in the same manner as that
of a non-basis species. Thus, one should place a species in the auxiliary basis set if one wishes to
allow the possibility of treating the corresponding reaction in a state of disequilibrium.

As a general rule, reactions of non-basis on an EQ3/6 data file should be written so that the as-
sociated species is transformed into the chemically most similar basis species. This means that
one should attempt to preserve such things as oxidation states or molecular moieties (structural
groups), on the theory that the associated reactions are more likely to be in a state of equilibrium.
For example, one would write on the data file reaction (3) for the ferric trichloride complex
(yielding the ferric ion). If one wrote instead reaction (2) (yielding the ferrous ion), this complex
would always be treated as falling under the mass balance for the ferrous ion. This would be er-
roneous in the case in which ferric-ferrous disequilibrium is assumed and a separate mass balance
is employed for the ferric ion.



It is not always possible to satisfy this guideline. The currently existing data files include ferrous
and ferric ions as basis species, but not a dissolved iron species in the zero oxidation state. Me-
tallic iron (Fe) requires a reaction, but there is no corresponding basis species on these files in
the zero oxidation state. The reaction is therefore written instead with the minimal amount of ox-
idation-reduction:

1

iron +
2

2
O, +2H" = Fe"" +H,0, (5)

Note that if the data file did contain a dissolved iron species in the zero oxidation state, such a
species should be placed in the basis set.

A number of organic species appear inghp andcom data filesHCOjs' is the strict basis spe-

cies corresponding to the element carbon. The following carbon-bearing species appear on these
data files as auxiliary basis species:

» ortho-phthalate (‘o-(phth)-¢omfile only)
* acetic acid (‘acetic acid(aq)’)

» acetone(aq)

* benzene(aq)

» ethane(aq)

* glycine(aq)

* methanamine(aq)

* methane(aq)

methanol(aq)

Each of these except dissolved meth&teéy(,q) is treated as the parent of other organic species.
For example, acetic acid i€Ki3COOH4q) taken as the parent of propanoic acid
(CH3CH,COOHx4gy, the reaction for the latter being:

propanoic acidq a()|+%o2 = g’acetic acid aq (6)

Here there is an attempt to preserve organic moieties (in this cageQ@éli group). Similarly,
glycine (the simplest amino aci@H,NH3;COOH;,q) is treated as the parent of the other amino

acids. Note that in dealing with organics, it is nearly impossible to avoid oxidation-reduction in
writing reactions for the non-basis organic species. Also, methana@tidlklzq) violates

the usual compositional guideline in that it is composed of both carbon and nitrogen.



The associated reaction for each of the above organic auxiliary basis species is written on the data
files in the R7 and R10 sets so that the species is oxidized to bicarbonate. On data files in the R16
and higher sets, the species 'acetic acid(aq)' plays the role of parent to the others, with the excep-
tion of aqueous methane (i.e., their associated reactions yield acetic acid, not bicarbonate). Acetic
acid then functions as a master organic species; aqueous methane is treated as “inorganic,” an
admittedly arbitrary choice. To illustrate the result, the user of EQ3NR can then avoid all organ-
ics in a calculation simply by specifying a zero concentration of acetic acid mpthdile. To

avoid aqueous methane as well, it must also be treated in this manner. Using data files from the
earlier sets, to avoid all organics one must do this for each of the organic auxiliary basis species,
and for aqueous methane as well, if it is not desired.

In thesup andcom data files in the R16 set, the auxiliary basis sp@j%‘sis similarly treated
as the master polysulfide species (other polysulfides incl@&fgs,>, andSs?). Also, the spe-
ciesS2032' is treated as the master species for related partially oxidized sulfur species, including

S,04%, 0527, $,06%, andS,0g2". Again, the rationale is to make it easy for the user to elimi-
nate such species in model calculations when it is so desired.

All non-aqueous species (pure minerals, end-member components of solid solutions, non-aque-

ous liquids, and gases) are treated on the data files as non-basis species. Thus, all reactions for
such species take the form of dissolution reactions.
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3. Thermodynamic Data: Representations, Transformations, and Mappings

The purpose of this chapter is to note the types of thermodynamic data that appear on an EQ3/6
data file, and to discuss certain transformations and mappings made from these data by EQPT.
The purpose of thermodynamic data is to allow evaluations of mass action equations. This is fa-
cilitated by the representations, transformations, and mappings described below.

There are fundamentally two different categories of thermodynamic data. This can be illustrated
by the reaction for the dissolution of halitéaCl):

NaCl = Na +ClI’ )

The corresponding mass action equation can be written as:
logK = logm _,+lo +logm__+1lo 8
g NaCl g Na+ gyNa+ g cr gyCl- ( )

whereK denotes the equilibrium constamtthe molality, ang/ the molal activity coefficient.

The equilibrium constant is an examplestdndard statéhermodynamic data. The activity co-
efficients are examples ekcesgshermodynamic data. Although referred to as “data,” these en-
tities are perhaps more properly referred to as functions. They may in fact be calculated from
other “data.”There are other examples of kinds of thermodynamic data in each category, repre-
senting the temperature and pressure derivatives of these functions. For example, standard partial
molar volumes are standard state data. However, these other kinds of thermodynamic data are
not directly used in version 7 of EQ3/6.

Most “thermodynamic data bases” emphasize the standard state kind of data. However, the two
kinds of data are closely linked. For example, reaction (8) allows computation of the solubility
of halite in aqueous solutions. Conversely, measurements of halite solubility can be used to ob-
tain the equilibrium constant, but not independently of the activity coefficients. In fact, one could
(and in the most rigorous sense should) use such measurements to obtain both the equilibrium
constants and the activity coefficients. This is true, despite the fact that the activity coefficients
are obtainable in principle solely from measurements of the osmotic coefficient (cf. Pitzer, 1973).

In principle, a thermodynamic data base is internally consistent only if the combined set of stan-
dard state and excess thermodynamic data are mutually consistent. This has been achieved quite
rarely; the work of Harvie, Mgller, and Weare (1984) provides one of the few examples. It is dif-
ficult to provide a high level of internal consistency even among the standard state thermodynam-
ic data (for an example of a large data base with such consistency, see the SUPCRT92 of
Johnson, Oelkers, and Helgeson, 1992). To deal with the issue of mutual consistency among
standard state and excess thermodynamic data, EQ3/6 data files are designed to contain both
types on a given file. This by itself only permits mutual consistency; it does not guarantee it.

In the remainder of this chapter, we discuss first the standard state thermodynamic data, then the
excess thermodynamic data. Representations and any transformations or mappings are described
for each member of each category of data.
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3.1. Standard State Thermodynamic Data

The only example of standard state thermodynamic data used in version 7 of EQ3/6 is the equi-
librium constant, taken as &g This is represented as a sequence of values on a temperature grid
(0-25-60-100-150-200-250-300; see Chapter 4). The equilibrium constant is a function of tem-
perature as well as pressure. However, the pressure is currently taken as a function of the tem-
perature, with values defined on the same temperature grid. The pressure is 1.013 bar up to
100°C, and follows the steam/liquid water equilibrium pressure at higher temperature. Thus, log
K(T) is really treated as |d¢§(T,P(T)). EQ3/6 calculations are presently restricted to this pressure
curve.

There is a lod grid for each reaction. There is one reaction for each agqueous species not in the
strict basis set, one for each pure mineral, and one for each gas species. In addition, there is an
equilibrium constant (loégp) for the following special redox reaction:
+ -
2H20(|) = OZ(g) +4H +4e 9)
wheree-is the fictive aqueous electron. This reaction is built into EQ3/6. It is used to compute
secondary redox variables (the redox potefdedind the electron activity functigee) from the

primary redox variable, the oxygen fugacify, 2( )

The grid representation is inconvenient for modeling code calculations, because it may be desired
to make calculations for temperatures not corresponding to one of the grid points. EQPT trans-
forms the gridded data, replacing it with a set of coefficients for interpolating polynomials. One
interpolating polynomial is applied to the 0-25-60-10®art, another to the 100-150-200-250-
300°C. This division respects the discontinuity of the temperature dependence of the grid pres-
sure. It also assures a polynomial of only moderate order.

For a detailed discussion of the subject of fitting interpolating polynomials, the reader is referred
to Chapter 1 of Carnahan, Luther, and Wilkes (1969) (or the appropriate section of almost any
introductory text dealing with numerical methods). The interpolating polynomials used by EQPT
are particularly simple in that they are exact; that is, they pass through all of the data points used
in the fitting (a given fitting is limited to a corresponding temperature range). The 0-25-8D-100
part of the grid offers at most four data points, the 100-150-200-25@ 3i0t, at most five.

Thus, the maximum order of the interpolating polynomial is three and four, respectively. Conti-
nuity at 100C is guaranteed if a valid value for this temperature is present on the data grid.

The actual order of the interpolating polynomial depends on the number of valid points. Some
points on the grid may be empty due to lack of data. The lack of data condition is marked in the
case of loK grids by entering a value of “500.0000.” Only valid points are used in the fitting. If
only a 28C value is present in the lower temperature part of the grid, the code fits a zero-th order
polynomial (i.e., a constant). In order words, th&2%alue is extrapolated over the entire range.

If there are no valid points in a given range, the code fits a zero-th order polynomial with a value
of “500.0000.” The effect of this is to suppress the associated species.
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3.2. Excess Thermodynamic Data

The only kind of excess thermodynamic “data” used in the present version of EQ3/6 is the activ-
ity coefficient. This is actually treated as a function of other, related data. We will first consider
the activity coefficients of aqueous species, then the activity coefficients of components of solid
solution phases. The present version of EQ3/6 does not address non-aqueous liquid phases (e.g.,
a mixture of liquid hydrocarbons), hence it has no provision for treating the activity coefficients

of component species of such phases. Nor does it address a gas phase, which would require the
consideration of fugacity coefficients.

3.2.1. Activity Coefficients of Aqueous Species

The present version of EQ3/6 offers two formalisms for treating the activity coefficients of aque-
ous species (for a detailed discussion, see Chapter 3 of the EQ3/6 Theoretical Manual and User’s
Guide, Wolery, 1992b). The first of these includes simple extensions of the standard Debye-
Huckel model, and consists of options for the Davies (1962) equation and the B-dot equation
(Helgeson, 1969). The second is based on Pitzer’s (1973, 1975, 1979, 1987) equations. The data
requirements for the two kinds of formalisms are quite different and will be discussed below. The
com, nea andsup data files correspond to the first formalism, hinew andpit data files, to the

second.

In the discussion which follows, we give the equation for the solute activity coeffigieas @

means of introducing the parameters. A complete model for activity coefficients in agueous so-
lution also requires a corresponding equation for the activity of wgjeofats mole fraction

activity coefficient §\,,). These equations are presented in Chapter 3 of Wolery (1992b). They

introduce no additional parameters (thermodynamic consistency requires that they do not), hence
are not reproduced here.

3.2.1.1. Extended Debye-Huckel Formalism

The extended Debye-Huckel formalism is represented in the present version of EQ3/6 by the

Davies (1962) and the B-dd8 ( ) equation of Helgeson (1969). These are sufficiently accurate for
geochemical applications only in relatively dilute solutions (having ionic strengths of at most 1
molal). Their chief advantage is that the data requirements posed by these models are quite min-
imal.

3.2.1.1.1.The Davies (1962) equation
The Davies (1962) equation is:

_ 201 J 0
logy, = —,N 10% o+ i + 0.2ID (10)

This is a simple extended Debye-Huickel model, to which it reduces if tHé pau2is removed.

The only data required is for the Debye-Huckgl o parameter. This is here written with a sub-
script “10” to note consistency with the base ten logarithm on the left hand side of eq (10). The
only species-specific data required is for the electrical charge, which is actually an intrinsic pa-
rameter.
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The use of this option requires a supporting data file consistent with the use of a simple extended
Debye-Huckel model (e.gcpm, neq orsup). The parameted, ;ois represented on the data file

by a data grid completely analogous to those used to represévidges. EQPT transforms
this data grid into interpolating polynomials in the same manner.

3.2.1.1.2.The B-dot equation
The B-dot equation (Helgeson, 1969) is:

2
é vANI|
’1O'J+BI (11)

logy; = —
i 1+éByﬂ

HereA,, 10 is the Debye-Huckel A parameter discussed atiyis,the Debye-HUckds param-
eter,B is the B-dot parameter, afgds the hard core diameter of the species.

The use of this option requires a supporting data file consistent with the use of a simple extended

Debye-Huckel model (e.gcom, nea orsup). The parameterd, 1, By, andB are represented

on the data file by data grids completely analogous to those used to reprekerdllogs. EQPT
transforms these data grids into interpolating polynomials in the same manner. The hard core di-
ametersd;) are species-specific. They are taken to be constants. Values are assigned in a section

of the data file described in Chapter 4.

When the B-dot option is chosen, the B-dot equation itself is only applied to charged species.
Other equations are actually used for uncharged species. Each species is also agsggitd an
flag; this flag is ignored for charged species. It appears in the same section of the data file as the
hard core diameter (see Chapter 4).

For dissolved gases and other neutral species not of a strongly polar nature, the practice is to as-
sign the value of the activity coefficient of aque@§3, in otherwise pure sodium chloride so-

lutions of the same ionic strength (Garrels and Thompson, 1962; Helgeson, 1969). This is
computed from the following expression after Drummond (1981, p. 19):

- G ol o
Iny; = H£+ FT+TS—(E+HT)D+1D (12)
(see Chapter 3 of Wolery, 1992b) whéres the absolute temperature &b -1.0312F =
0.0012806(G = 255.9,E = 0.4445, andi = -0.001606. The coefficients appearing in eq (12) ap-
pear directly on the data file, and are not transformed or mapped in any way by EQPT. This treat-
ment is marked by ansgfl value of 0. Note thdog y; is computed fronin y;

Following the recommendation of Garrels and Christ (1965, p. 70), the activity coefficients neu-
tral aqueous species of a polar nature are set to unity; i.e., the equation is:

logy, = 0 (13)
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This requires no additional data. This treatment is marked bysgfi value of -1.

3.2.1.2. Pitzer's Equations

Pitzer's (1973, 1975, 1979, 1987) equations are based on a virial expansion theory and require a
fairly large set of interaction coefficients to model systems of much complexity. Apart from that,
they require one Debye-Huckel parameter, which is discussed below. The equations themselves
may be written in more than one form, depending on the type of interaction coefficients one wish-
es to use. Itis customary to report interaction coefficients aflibervabldeype. Therefore, this

type of interaction coefficient appears on the corresponding EQ3/6 data fildf@xgqr pit).

However, EQ3/6 actually calculates the activity coefficients using interaction coefficients of the
primitive type. EQPT maps observable interaction coefficients to a conventionally defined set of
primitive interaction coefficients.

In the original theoretical form (Pitzer, 1973), the activity coefficient was written in term of the
primitive interaction coefficientd; andpjy:

ey 0z O [l
i ik

Heref(l) is a Debye-Huckel functioffi(l) is its derivativedf/dl, theA; are second order interac-
tion coefficients\'ij(l) is the derivativel)j/dl, and theu;y are third order interaction coeffi-
cients. As is implied, the;; are treated as functions of the ionic strength. The sums in the

interaction coefficient terms are actually double and triple sums. This is the form actually evalu-
ated by EQ3NR and EQ6. Its main virtue is that it is simple and compact, but completely general.
It applies to any mixture of cations, anions, and uncharged solute species

The Debye-Hiickel model used in Pitzer’s equations is not the usual Debye-Hiickel-charging for-
mulation exemplified in the Davies or B-dot equations, but a different one derived by Pitzer
(1973) and called the Debye-Hiickel-osmotic model. The funitipis given by:

A |
f(1) = —Btb‘&%n(ubﬂ) (15)
HereAy is a Debye-Huckel parameter is related to the more farijigs by:
2.303A
A(p = —LB 10 (16)

The parametdb is assigned a constant value of 1.2 (Pitzer, 1973). Different values have been
used for thed, parameter at 2&. It is important to use the value 0.392 with the Harvie, Mgller,

and Weare (1984) model of the “sea salt” system, not the stated value of 0.39 (see Plummer et
al., 1988, p. 3).

Following Pitzer (1973) and Pitzer and Mayorga (1974) (see Chapter 3 of Wolery, 1992b), the
second order interaction coefficient for cation-anion interactions is described by:
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Max(1) = Ak + AGkaag /1) + A{fka(a i) )

where the)\,(vr,]; =0, 1, 2) are the model coefficient parameters. The fung{gns given by:

909 = BBH1-+xe™) a9
X

In most cases);,(vf))( is set to zero and the pararogterassigned a value of 2.0 (Pitzer, 1973).
WhenMX comprises a 2:2 aqueous neutral electrolyte (and sometimes in other circumstances),
)\,(vf))( IS not set to zero, ard, anda, and are fixed at respective values of 1.4 and 12.0. Other

values ofo, anda, have occasionally been proposed (see Pitzer, 1987).

The second order interaction coefficient in the case of cation-cation, anion-anion, neutral-neutral,
neutral-cation, and neutral-anion interactions is generally taken to be a constant. Thus, for such
combinations one may write:

)\ij = )‘i(jO) (19)

Pitzer (1975) modified his original treatment by adding a theoretical description for higher order
electrostatic interactions. In the context of primitive interaction coefficients, this took the form
of redefining the following second order interaction coefficients for the cation-cation and anion-
anion combinations as:

A = v+ Amme(1) (20)

Ae(D) = Axx + TAxx(1) (21)

HereM andM' denote two cations arXlandX' two anions. The description of the electrostatic
term (':)\MM.(I) and I:)\XX.(I) ) are obtained from entirely from theoretical expressions; see

Pitzer, 1975, and Chapter 3 of Wolery, 1992b). The original term (the “short range” term) can be
written analogously to eq (19):

S)‘MM‘ = )‘I(\/(I)I)\/I' (22)
A = Mok (23)

The temperature dependence of Pitzer interaction coefficients and interaction coefficient param-
eters (excludingp, a4, andas,, which are treated as constants) can be represented up to no more
than 100C by a Taylor’s series truncated at first order, using the values of the coefficients and
their first temperature derivatives at’25(see Silvester and Pitzer, 1978;Pitzer, 1978, 1987,
Chapter 3 of Wolery, 1992b). Such a truncated Taylor’s series has the general form:
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X
X(T) = Xy+ %—TETO(T— To) (24)

wherexg is the value of the parameter at temperatyr@ere 28C). To obtain a better represen-
tation, one may use a Taylor’s series truncated at second order. This has the general form:

X(T) = Xy + [pl_x (T TO)+A@(D (T (25)

This is presently the only means built into EQ3/6 for treating the temperature dependence of in-
teraction coefficients and interaction coefficient parameters. Some other proposed methods but
not yet implemented in EQ3/6 are discussed later in this chapter.

The use of the Pitzer’s equations option requires a supporting data file consistent with these equa-
tions (e.g.hmw or pit). The model parameters required by EQ3/6 are:

* TheA, Debye-Huckel parameter.

 25°C values of the second order interaction coefficient paramlefo}s )\i(-l) : kf-%%d
the corresponding; anda, parz';\meters for eaghpair, and the third order interac{ion co-
efficients Mijic T?e paramete;; (and consequemjlyis only used in certain cases;
the parametei\ (and consequemjy is used in many, but not all cases.

* Th flrst and fecond temperature derivatives of the interaction coefficient para)ﬁg)[ers
)\ ,andA;; " , and the third order interaction coefﬁmemige (if caﬁulatlons Se to be
made for temperatures other thari@p Derivatives are not required fa , ak
if these parameters themselves are not used for a given comblnatlon of solute species.

TheA, parameter is represented in the usual grid format and is transformed into a set of interpo-

lating polynomials by EQPT in the manner previously described fdf iagues and other kinds
of Debye-Huckel parameters.

There are more of thle,(vr& apgl parameters than can be physically observed (Pitzer, 1973;

see also Chapter 3 of Wolery, 1992b). These parameters can only be observed in certain combi-
nations, which depend on the electrical charge types of the species. These combinations are
equivalent to the observable interaction coefficients. There is a multiplicity of such coefficients,
and the equation for the activity coefficient in complex mixtures becomes accordingly more com-
plex (see Pitzer, 1979, 1987; Harvie, Mgller, and Weare, 1984; and Felmy and Weare, 1986).
However, relatively simple forms can be obtained for simple solutions, such as for a pure aque-
ous electrolyte (Pitzer, 1973, 1979, 1987), a mixture of two electrolytes with a common ion
(Pitzer, 1973, 1975, 1979, 1987), and a mixture of an electrolyte and a neutral solute species
(Pitzer, 1987). This facilitates much of the fitting of observed coefficients, and the data are con-
sequently commonly reported in this form.
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We consider first the parameters associated only with cations and anions. The pavﬁfq%gters ,
B,(v}))( B,(v?))( : andC(,&x , are observable in a pure solution of the aqueous neutral electrolyte com-

prised of catioM and aniorK. The parametergeMM. angh,\x  are observable in a mixture
of two aqueous neutral electrolytes, one comprised of citiand aniorX, the other of cation

M' and aniorX. Similarly, the parametergexx ang,yy  are observable in a mixture of two
aqueous neutral electrolytes, one comprised of ciand aniorX, the other of catioM and

anionX'. Here bjeij is8;; in the nomenclature of Harvie, Mgller, and Weare (1984).

1j
The relationship of these observable Pitzer parameters to the corresponding primitive Pitzer pa-
rameters is discussed in detail in Chapter 3 of Wolery (1992b). The observable parameters may
be mapped to an equivalent set of primitive parameters by means of certain mapping relations.
Those used by EQPT are the following:

)\,(\B( = B,(\;& for n =0, 2 (26)
)\,(\;],)Vl =0 forn=0, 2 (27)
)\gg)( =0 forn=0,2 (28)
1
12p|2 ~0
= =M ¢ (29)
Hmmx = & Z, MX
1
1]2¢|2 o
Humxx = &l—| Cmx (30)
6 2z,
A,(\;),)\A. = “omm (31)
)‘§<O))C = Sex)c (32)
10 (Bzy,O [(Bz,0 O
e = 2 Whanex + C Ty + C— Elyend) (33)
MMX = gEPMMx T 7 THMMx T g T e
_ 10 [Bzy.0 Bz, ]
Hmxxe = gEmxx + Hz, Hmxx* Bz Himxx (34)

The temperature derivatives of the observable Pitzer parameters may be mapped to the tempera-
ture derivatives of the corresponding conventional primitive parameters using the temperature
derivatives of the mapping relations for the parameters themselves. For example, differentiation
of eq (26) gives:
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Ay _ Bk

9T - at forn =0, 2 (35)
2, () 2,(n)
d"A

MX = d B forn =0, 2 (36)

a7 a7

The mapping relations for the second derivatives are analogous.

Harvie, Mgller, and Weare (1984) used Pitzer’s equations to construct a model of all of the major
components of seawater at’25 They modified the equations for electrolyte systems to include
some provision for neutral species-ion interactions. Felmy and Weare (1986) took the equations
further in this direction when they extended the Harvie, Mgller, and Weare model to include bo-
rate as a component. These investigators introduced the following new observable parameters:
Anm andAnx, and{ppx- HereN denotes a neutral species. The termgig andAyx were in-

troduced by Harvie, Mgller, and Weare (1984) in order to treat the s@jgs,)in their model

of the “sea salt” system. They are treated as constants. To deal with the fact that they are only
observable in combination, Harvie, Mgller, and Weare (1984) adopted the following convention:

=0
N (37)

We note that Clegg and Brimblecombe (1989, 1990) use a different convention:

A =0 38
N, CI (38)

It is important to follow a single convention in any data file. At the present time, that of Harvie,
Mgller, and Weare (1984) is used in tiraw data file. The present version of thi¢ data file
contains no\py, Or Ay parameters.

The {npx Parameter is an observable third order coefficient. It was developed by Felmy and
Weare (1986) in order to account for interactions involving the spB@4)z5q) This param-

eter can be mapped into primitive equivalents by means of the following mapping conventions
(see Chapter 3 of Wolery, 1992b):

¢
MNmx = 2 (39)
6
Hymm = 0 (40)
Hnxx = 0 (41)

There are additional possible Pitzer coefficients for solutions containing neutral solute species
(see Chapter 3 of Wolery, 1992b). Among these, the most likely to be needed are the second order
interaction coefficientayy andApn (hereN' denotes a second neutral species). These coeffi-

cients are directly observable.
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The temperature dependence of observable and conventional primitive coefficients involving
neutral solute species can be handled analogously to that manner previously described for coef-
ficients and coefficient parameters involving only cations and anions; e.g., using tabulated first
and second derivatives. The mapping functions for the derivatives are again analogous to those
for the coefficients themselves.

The relevant EQ3/6 data files contain two superblocks of observable Pitzer coefficient data (a

superblock is a collection of similar data blocks). The first superblock consists of blocks contain-
ing the data observable in solutions of pure agueous neutral electrﬁ&)ggs[s,(\ﬂlﬁ [3,(\42))( , , and
Cf&x. Each of these blocks also contains the corresponding valogsotla,. The second su-

perblock consists of blocks containing the data observable in mixtures of two agueous neutral

electrolytes containing a common ioﬁeMM. abnh v x ,bé&x BN, . The data in

either type of superblock in represented by tH&C2zmlue of the relevant parameters, plus the
first and second temperature derivatives of these parameters at the same temperatare (note:
anda, are taken to be independent of temperature).

We note a problem concernin%BMM. and its temperature derivatives. A potentially different
value can be obtained by fitting measurements on more than one mixture of two agueous elec-
trolytes containing the two catiosandM'. The same problem holds fc&)'ﬂxx and its temper-

ature derivatives. This is particularly a problem in that potentially different values of the theta
coefficients and their temperature derivatives may appear on the data file for each relevant mix-
ture. EQPT deals with this by taking the average of such parameters. Strictly speaking, the data
file should not contain the different values for the any given theta coefficient. The same rule ap-
plies to its first and second order temperature derivatives.

The relevant EQ3/6 data files also contain a flag string which alerts EQ3NR or EQ6 to use or
ignore the higher order electrostatic model proposed by Pitzer (1975). This is also written on the
datalfile produced by EQPT. Note that the fitted values of the theta and psi parameters involv-
ing two cations not of the same charge or two anions not of the same charge change according to
whether or not this model is included.

The present version of EQPT was actually designed to handle parameters involving only cations
and anions. However, it can deal wiify, by composing a pure aqueous neutral electrolyte

block for a fictive electrolyte. Hedd andM are specified as the pair of “ions” composing the
“electrolyte.” The value okyy is entered in the field quﬁ\lo,\),l . The remaining parameter fields
in this block should be left blank or filled with zeros. g parameter can be treated likewise.
Coefficients of the typ&yy andAyy: can be dealt with by using the same trick used to deal with
Anm- In this case, the fictive electrolyte consists of two neutral spddiasdN, or N andN').

However, no examples of such coefficients appear ohrtive data file or the existingit data
file. The present version of EQPT can not deal with(ffgx parameter, however.
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The two superblocks for observable Pitzer parameters and their temperature derivatives are
mapped by EQPT to corresponding superblocks odadtegl file containing the corresponding
conventional primitive parameters and their temperature derivatives. EQ3NR and EQ6 then use
these data to calculate values of the relevant conventional primitive parameters at the desired
temperature. Note that if the derivatives are missing, no temperature correction is made.

Thehmw data file has nominal lower and upper temperature limits which are both séCto 25

It contains no temperature derivative data. It should not be used to make calculations at temper-
ature other than 2&. EQ3NR and EQ6 will write warnings if the nominal temperature limits are
exceeded. This data file also employs the higher order electrostatic model proposed by Pitzer
(1975).

Thepit data file has nominal lower and upper temperature limits@&dd 100C, respectively.
It contains a fair amount of data for first temperature derivatives. This data file does not employ
the higher order electrostatic model proposed by Pitzer (1975).

The temperature dependency has been expressed in various more recent studies by a variety of
different temperature functions, most of which require only 5-7 parameters per observable inter-
action coefficient. Pabalan and Pitzer (1987) used such equations to develop a model for the sys-
temNa-K-Mg-CI-SQ-OH-H,0 which appears to be generally valid up to about@0@abalan

and Pitzer (1988) used equations of this type built a model for the sist€@rSO-OH-H,O

that extends to 30C. Greenberg and Mgller (1989), using an elaborate compound temperature
function, have constructed a model for Ne-K-Ca-Cl-SQ-H,0O system that is valid from O-

250°C. More recently, Spencer, Mgller, and Weare (1990) have used a more compact equation
to develop a model for th¥a-K-Ca-Mg-CI-S@-H,0 system at temperatures in the range -60-

25°C. The present version of EQPT has no capability to deal with these kinds of representations
of the temperature dependence.

3.2.2. Activity Coefficients of Solid Solution Components

In general, the activity coefficient of a solid solution component depends on the composition of
the solid solution. This in turn is normally expressed in terms of the mole fractions of the end-
member components (for example, calofa€O;] and magnesiteMgCQO;] in magnesian cal-

cite [(Ca,Mg)CQ]). There are two categories of activity coefficient models, molecular-mixing

models and site-mixing models (cf. Chapter 4 of the EQ3NR Theoretical Manual and User’s
Guide, Wolery, 1992b).

In molecular-mixing models, the activity coefficient of an end-member component is unity in the
ideal case. In the non-ideal case, one generally utilizes a model which describes the activity co-
efficient via a set of interaction coefficients similar to those employed in Pitzer's equations for
the activity coefficients of aqueous species.

In site-mixing models, explicit account is taken of the fact that mixing of ions occurs on well-
defined sites in the crystal structure (see for example Wood and Fraser, 1977, or Nordstrom and
Munoz, 1985). Vacancies may be present on a site, and be created or destroyed by substitutions
of one ion for another of different electrical charge. In site-mixing models, the concept of ideality

is modified from that appropriate to molecular mixing, though still based on the mole fractions
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of components. It is possible to utilize as the components species such as ions, vacancies, and
framework moieties instead of end members, but the more common practice is to continue using
end-member components. This is followed in the present version of EQ3/6. However, the activity
coefficient of an end-member component in an ideal site mixing model may have a value other
than unity. A site-mixing model will appear to be ideal in this sense only if there is only one site,
an ion substitutes for others of the same charge type, and vacancies are not present on the site.
Site mixing then effectively reduces to molecular mixing.

Nearly all of the existing site-mixing models of solid solutions are ideal in the site-mixing sense
(see for example Viani and Bruton, 1992). The only parameters of such models are site-mixing
parameters. It is possible to consider site-mixing models which are non-ideal even in the site-
mixing sense. These would be described by both site-mixing parameters and interaction coeffi-
cients. No models of this type are presently treated in EQ3/6.

In EQ3/6, all solid solution models are defined on the supporting data file (see Chapter 4). At
present (through the R16 set of data 2files), onlygtmefile contains any solid solutions. Most

of these are treated with a simple ideal site-mixing model (the only exception concerns olivine,
which is treated according to a regular solution model). The actual types of models used on the
data file are defined by thsol flag array. The corresponding parameters (site-mixing parame-
ters, interaction coefficients, and parameters used to compute interaction coefficients) are stored
on the data file in thapx array. The elements of this array are represented belpjy.as

The various models presently treated in EQ3/6 are briefly discussed in the following sections. To
avoid confusion, we will often write the activity, mole fraction, activity coefficient, and related
parameters of a solid solution component witlodg™subscript in place ofi*” Hereo will de-

note the component itself (takes the placei’®f andy the solid solution (in order to be com-
pletely explicit about which solid solution is being addressed).

3.2.2.1.1deal Solution, with One Optional Site-Mixing Parameter

The first activity coefficient model for solid solutions in EQ3/6 is for an ideal solution in either

the molecular-mixing sense or a limited site-mixing model in which mixing is confined to one

site and vacancies are ignored. The former is a special case of the latter. This model corresponds
tojsol = 1 and is characterized by the equation (Wood and Fraser, 1977; Viani and Bruton, 1992):

N

8y = quqj (42)
whereNy, is the site mixing parameter. This formulation is equivalent to:
Iog)\(np = (NLp - 1)|°9me (43)

If Ny = 1, the above model is mathematically equivalent to an ideal molecular-mixing model
(Iog)\mp = 0).

TheNy, parameter is stoichiometric in nature. In essence, it is the number of formula units of the
site on which mixing occurs per formula unit of the solid solution framework. In principle, the
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formula for all the end-member components of a solid solution can be written so as tyield
=1, hencdog)\OLlJ =0 .

In the case of heterovalent single-site solid solutions such as clays and zeolites, vacancies are in-
volved. In order to simplify the solution model and preserve the simple relationship defined by
egs (42) and (43), Viani and Bruton (1992) have chosen to treat such solid solutions according
to a model in which the mixing entities are ions or ion-vacancy complexes. Thus, two sodium ion
entities might mix with a calcium ion-vacancy entity.

TheNy, parameter is obtained from the parameters read from the data file according to:

N._p = Py (44)

3.2.2.2. Third-Order Maclaurin Model for a Binary Solution

The third-order Maclaurin model for a binary solution correspon@®te 2. It is taken from
Helgeson et al. (1970). The activity coefficients of the two end-member components are given

by:

00\ = 5305~ EWZLUET‘Z DW_LE%ZJ “
W,, W
l0gA,,, = 2303RT[ oy * 34%1 dﬂ;%ﬁ%ﬂ/w%“%ﬂ (46)

HereWyy, Way, andWs,, are interaction coefficients. There are no site-mixing parameters.

The formulation represented by egs (45) and (46) is highly unsymmetrical. In order to satisfy the
condition thaﬂog)\2Lp - 0 agx; -~ 0 ,the interaction coefficients are required to satisfy the re-

lation:

W. W.
_—2¢_ 3y
Wy = -— 5 (47)

The interaction coefficients are obtained from the parameters read from the data file according to:

Wle = pll.p (48)
Wz._p = p2|.p (49)
Way = Pay (50)

However,Wy, is actually recalculated using eq (47).
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3.2.2.3.Regular Solution Model for a Binary Solution

The regular solution model for a binary solution correspon@ota 3. It is also called a para-
bolic Maclaurin model. For a discussion of this model, see Saxena (1973, p. 11-12). The activity
coefficients of the two end-member components are given by:

1 2

0071y = Z30RT Ve (51)
1 2

09A2y = 2 30mT W™ (52)

HereW,, is the single interaction coefficient. There are no site-mixing parameters. This formu-
lation is symmetrical.

The interaction coefficients are obtained from the parameters read from the data file according to:

Wy = Py + PoyT + Py P (53)

Thus, the interaction coefficient in this model can be treated as a function of temperature and
pressure. On theom data file in the R10 and R16 sets, there is a regular solution model for the
solid solution olivine. Th@y, andpzy, parameters are set to zero, so the interaction coefficient
is actually treated as a constant. A non-unit site-mixing parameter is also givep[)plaeam-

eter, but this is not used.

3.2.2.4.Cubic Maclaurin Model for a Binary Solution

The cubic Maclaurin model for a binary solution correspong@sta= 4. For a discussion of this
model, see Saxena (1973, p. 16). The activity coefficients of the two end-member components
are given by:

1 2 3
10021y = 5 30T EWay — Wag)Xo + 2(Wpy —Woy )] (54)
100A 5 = 5=l (2Wy  — Wy )X + 2(W 3
092y = 5 30T (PWay = Way)Xy +2(Way =Wy )Xy (55)

HereW,y, andW,,, are interaction coefficients. There are no site-mixing parameters. This for-
mulation is asymmetrical.

The interaction coefficients are obtained from the parameters read from the data file according to:

Wiy = Pry * P2y T+ P3yP (56)

Wz._p = Pyt p5._pT + pﬁ._pp (57)
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3.2.2.5. Guggenheim Polynomial Model for a Binary Solution

The Guggenheim polynomial model for a binary solution corresporjgsite 5. For a discus-
sion of this model, see Saxena (1973, p. 14-15). The activity coefficients of the two end-member
components are given by:

+ 3W.

2 3 4
gt BWgy) )X + (—4Wo, — 16Wg  )x5 + 12Wy x0]  (58)

1
09A 1y = 5 30mT Wiy

Iog)\2L1J > BOCRT[(WW 3W2L1J + 5W34,)X1 + (4W2L1J 16W3Lp)x1 + 12W3pr1] (59)

HereW,y, Way, andWsy, are interaction coefficients. There are no site-mixing parameters. This
formulation is asymmetrical.

The interaction coefficients are obtained from the parameters read from the data file according to:

2

Wiy = Pry ¥ Py T+ P3y T (60)
2

Way = Pay * PsyT + PgyT (61)
2

W3y = Pzy + PgyT + Py T (62)

The full form of this model can be used in the present version of EQ3/6, although the parameters
Pyy for k=7 are now intended to be reserved for site-mixing parameters.

3.2.2.6.Regular Solution Model for a Ternary Solution

The regular solution model for a ternary solution correspondstte 6. For a discussion of this
model, see Prigogine and Defay (1954, p. 257). The activity coefficients of the three end-member
components are given by:

1 2 2

0921y = 30T WizyXa * WizyXz + (Wigy —Wozy, + Wyg) XXl (63)
oah. = 1 2 2
_ 2

logAsy, = 5 303q-|-[W13LpX1 + Wog X5 + (Wygy, = Wypy, + Wogy)X Xl (65)

HereW,y, Way, andWsy, are interaction coefficients. There are no site-mixing parameters. This
formulation is symmetrical.

The interaction coefficients are obtained from the parameters read from the data file according to:

Wioy = Py (66)
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(67)
= p2'~|-'
13y

(68)
= p3'~|-'
Woay
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4. Data File Contents and Structures

ThedataO data files are represented by two archetypes. The first, calledrtharchetype is

used for data files intended to support calculations using simple extended Debye-Huckel models
for the activity coefficients of the aqueous species. This archetype pertaingdoritsaip, and
neadata files. Théamw archetype is used for data files intended to support calculations using
Pitzer's (1973, 1975, 1979, 1987) equations. It pertains tortive andpit data files. The two
archetypes differ in the types of parameters for computing activity coefficients of aqueous spe-
cies. Otherwise, they are essentially the same.

Archetypes for thelatal file structures closely parallel those for the correspondatgO files.
Thedatal file is an unformatted file, so no formats (in the usual sense) are involved, and the file
can not be printed or displayed in any meaningful fashion. To assist debugging, EQPT writes a
corresponding data file callethtalf, which is a formatted equivalent dtal

The contents oflatal are identical to those dfta0, with the following exceptions. Data given

on a standard temperature grid are replaced by the coefficients of interpolating polynomials
which EQPT fits to such data grids. Also, in the case of data files bhitearchetype, observ-

able Pitzer coefficient parameters are mapped to an equivalent set of conventional primitive pa-
rameters. The temperature derivatives of these observable parameters are mapped similarly to
those of the conventional primitive equivalents. All of these data transformations were discussed
in detail in Chapter 3.

4.1. The com Archetype for the dataO File

The basic structure of tlewm archetype fodataOfile is given in Figure 2. The data file begins
with a one-line header of the form:

data0.com.R10

The first five letters on this line must bataO. If they are not EQPT will terminate with an error
message. Letters 7-9 must contain the three letter data file key stmgngea sup, hmw, or

pit). The stage numbeRQ0 in the above example) is optional as far as EQPT is concerned.
However, it should appear to assist in configuration management, as it will be written on the
datal file by EQPT, and thence by EQ3NR and EQ6 on ihalput files.

The header is followed by a title, which may consist of up to 70 lines{ise& in Appendix A)
of descriptive text. The title on tltata0.com.R10data file is:

THERMODYNAMIC DATABASE
generated by gembochs/INGRES 15-apr-91
+

The “+------- " in the final line in this example is a block terminator used throughout the data
file. EQPT writes the data file title on tdatal file. EQ3NR and EQ6 read this title and write it

on theiroutput files. Any changes to the data file made by users may be noted or cited in this
title. Users outside the LLNL Data Base Development Task who make any such changes are re-
guested to make some kind of notation on modified data files so as to distinguish them from those
supplied by LLNL.
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Header (lata0, data file key, stage number)

Title

“data0” parameters block:
 Temperature limits°C)
 Temperature®C), standard grid
* Pressure (bars), standard grid
* Ay, 10 standard grid
. By, standard grid
* B, standard grid
* Drummond (1981%, F, G, E, andH

coefficients
* log Kgp, standard grid

“bdot” parameters block:
« Aqueous species namé, insgfl flag

Chemical elements block:
* Elements, atomic weights

Aqueous species superblock:
» Strict basis species
* Auxiliary basis species, witlog K
on the standard grid
» Non-basis species, witbhg K
on the standard grid

Pure minerals superblock:
* Pure minerals, wittog K
on the standard grid

Pure liquids superblock:
* Pure liquids, witHog K
on the standard grid

Gas species superblock:
* Gas species, witlog K on the standard
grid

Solid solutions superblock:
* Solid solutions

References block:
» References

Figure 2. The basic structure of the dataO file for the com archetype.

-28-



The title is followed by a block of data for “data0” parameters. These include the nominal tem-
perature limits{C) for the application of the data file, the temperati@€¥ ¢n the standard grid
the pressure (bars) on the standard temperaturgiogil, ;0andB, Debye-Hlckel parameters

on the standard temperature grid, the extended Debye-Hiickel on the standard temperature
grid, the five Drummond 1981 coefficienG,(F, G, E, andH) needed to compute the activity
coefficient of aqueou€0O, (see Chapter 3 of Wolery, 1992b), dod K¢}, on the standard tem-
perature grid. The parameteg Kgy, is the equilibrium constant of the special reaction (9) used
in EQ3NR and EQ6 to relate seondary redox varialdasp€) from the primary redox variable,

teh oxygen fugacity. This reaction itself is not written on the data file. It is hard-wired into
EQ3NR and EQ6.

The “data0” parameters block data0.com.R10s as follows:

dataO parameters
+

temperature limits (@)
0.0000 300.0000 (5x,2f10.4)

temperatures
0.0100 25.0000 60.0000 100.0000 (5x,4f10.4)
150.0000 200.0000 250.0000 300.0000

pressures

1.0132 1.0132 1.0132 1.0132
4.7572 155365 39.7365 85.8378
debye huckel a (adh)
0.4939 0.5114 0.5465 0.5995
0.6855 0.7994 0.9593 1.2180
debye huckel b (bdh)
0.3253 0.3288 0.3346 0.3421
0.3525 0.3639 0.3766 0.3925
bdot
0.0174 0.0410 0.0440 0.0460
0.0470 0.0470 0.0340 0.0000
cco2 (coefficients for the Drummond (1981) polynomial)
-1.0312 0.0012806 (5x,f10.4,11x,f12.7)

255.9 0.4445 (10x.f5.1,11x,f12.4)
-0.001606 (5x,f10.6)
log k for eh reaction
-91.0448 -83.1049 -74.0534 -65.8641 (5x,4f10.4)

-57.8929 -51.6848 -46.7256 -42.6828

+

The “data0 parameters " on the first line is a block header flag. EQPT actually uses the
“temperature limits " string to position the data file for reading this block. The other in-
dividual header strings are not read. The formats for reading the data are superimposed to the
right in the above example where they appear in bold italic. These format strings do not appear
in the data file itself. Formats which obviously repeat are not marked. We will continue this prac-
tice of giving formats in this manner in the examples to follow. Note the usage here of the stan-
dard pressure grid. The pressureaf/572 " bars is the pressure &50.0000 " degrees (C).

This is followed by the “bdot” parameters block. This block consists of its own header and a list
of the hard core diameted;( andinsgfl flag switch. This block imlata0.com.R10is as follows:
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bdot parameters @)
+

* species name azerO neutral ion type
(uo2)3(co3)6(6-) 4.0000 O
np(co3)5(6-) 4.0000 O (a24,7x,7.1,4x,i2)
u(co3)5(6-) 4.0000 O
(Material Deleted)
th6(oh)15(9+) 6.0000 O
+
Here “azer0 " is the hard core diameter, and thedtral ion type " is theinsgfl flag. The

former is given in units of cubic angstroms. The latter is meaningful only in the case of neutral
species. linsgfl = -1, the activity coefficient of the species is taken to be the value for aqueous
CO, in pure aqueouNaCl, as computed from eq (12) (see Chapter 3). This is appropriate for

nonpolar species, such as most of the dissolved gas spetisgfllE O, the activity coefficient
is set to unity. This is more appropriate for polar species, such BE®®@,,q) ion pair. The

name of an aqueous species appearing in this block must be identical to its name in the corre-
sponding species block, which appears below this block. EQPT writes the data in this block as-
is onto thedatalfile. The line beginning with*'speciesname " is a comment line. Comment

lines begin with an asterisk in column one. EQPT actually reads a copydatétsfile from

which the comment lines have been stripped.

Next is the chemical elements block,. It consists of a block header followed by the names of the
chemical elements (represented by the standard symbols) and their atomic weights (grams per
mole). It is illustrated below by the block frashata0.com.R10

elements (a)
+
0 15.99940
ag 107.86820 (a8,10.5)
al 26.98154
(Material Deleted)

zr 91.22400

This is followed by the aqueous species superblock. This is comprised of a data block for each
aqueous species. The structure of this superblock is complicated somewhat in that these data
blocks are organized into three “sub-superblocks,” the first for strict basis species, the second for
auxiliary basis species, and the third for non-basis aqueous species. Furthermoreh2ater (*

must be the first strict basis species. The fictive aqueous redox sm{gs “ must be the last

strict basis species. Each strict basis species exa2()“ ” must correspond to a chemical el-
ement in the chemical elements block. They should also appear in corresponding order. Note that
water corresponds to the element oxygen. The strict basis species sub-superblock is terminated
by a short block containing the stringuXxiliary basis species " in place of a species
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name. The auxiliary basis species sub-superblock is similarly terminated by a short block con-

taining the string dqueous species

The aqueous species superblock is illustrated by the following, taked&i@a®.com.R10

basis species
+

h2o0
date last revised = 13-jul-1990
keys = basis active
charge= 0.0
2 chemical elements =
1.0000 o 2.0000 h

* Extrapolation algorithm: supcrt91
* gflag = 4 (supcrt9l equations and data used)
* basic source = supcrt9l

* delGOf =  -56.688 kcal/mol
* delHOf =  -68.317 kcal/mol
* SOPrTr = 16.712 cal/(mol*K)
+

(Material Deleted)
+
auxiliary basis species
+

(Material Deleted)
+

acetic acid(aq) ch3cooh
date last revised = 08-mar-1990
keys =aux active
charge= 0.0
3 chemical elements =
2.0000 c 2.0000 0
4 species in reaction =
-1.0000 acetic acid(aq) -2.0000 02(g)
2.0000 h+ 2.0000 hco3-

* log k grid (0-25-60-100/150-200-250-300 C) =
150.4618 136.1956 119.6467 104.3573
89.0810 76.7815 66.5395 57.6542

* Extrapolation algorithm: supcrt91

* gflag = 4 (supcrt9l equations and data used)

* basic source = supcrt9l

4.0000 h

* delGOf = -94.760 kcal/mol
* delHOf = -116.100 kcal/mol
* SOPrTr = 42.700 cal/(mol*K)
+

(Material Deleted)
+

aqueous species
+

(npo2)2(oh)2++
date last revised = 21-jul-1986
keys =aqueous active

@)

(a24)

(not read)
(not read)

(14x,5.1)

(4x,i2)

(4x,3(f8.4,1x,a8,5x))

(a24)

(a24)
(not read)
(not read)
(14x,5.1)
(4x,i2)
(4x,3(f8.4,1x,a8,5x))
(4x,i2)
(2(1x,f10.4,2x,a24))

(5x,4f10.4)

(a24)
(a24)

(not read)
(not read)
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charge = 2.0 (14x,5.1)

3 chemical elements = (4x,i2)
2.0000 h 2.0000 np 6.0000 o (4x,3(18.4,1x,a8,5x))
4 species in reaction = (4x,12)
-1.0000 (npo2)2(oh)2++ -2.0000 h+ (2(1x,f10.4,2x,a24))
2.0000 h2o 2.0000 npo2++
* log k grid (0-25-60-100/150-200-250-300 C) =
500.0000 6.4000 5.6000 5.0000 (5x,4710.4)

4.6000 500.0000 500.0000 500.0000
* gflag = 3 (reported logk data used)
* logk source = 84lem
* calculated g-h-s values:
*delGOf=  -485.046 kcal/mol
* delHOf =  -537.089 kcal/mol
* SOPrTr = -3.346 cal/(mol*K)
+

(Material Deleted)

Note that the species blocks illustrated here each contain a number of comment lines. Also, the
blocks for non-basis aqueous species block and auxiliary basis species share the same format.
Note that 500.0000 ”is used in théog K grid to mean “no data.” This is illustrated in the data
block for “(npo2)2(oh)2++ .

The pure minerals superblock follows the aqueous species superblock. It is similar, but has no
sub-superblocks and no special ordering restrictions. Itis illustrated by the following, taken from
data0.com.R10

solids (a24)
+
(pb(oh)2)3.pbcl2 (pb(oh)2)3.pb1cl2 (a24)
date last revised = 24-aug-1989 (not read)
keys = solid active (not read)
VOPrTr=  0.000 cm**3/mol (source = ) (16x,19.3)
4 chemical elements = (4x,i2)
2.0000 cl 4.0000 pb 6.0000 h (4x,3(18.4,1x,a8,5x))
6.0000 o
5 species in data0 reaction (4x,i2)
-1.0000 (pb(oh)2)3.pbcl2 -6.0000 h+ (2(1x,f10.4,2x,a24))
2.0000 cl- 4.0000 pb++
6.0000 h2o
* log k grid (0-25-60-100/150-200-250-300 C) =
500.0000 17.2793 500.0000 500.0000 (5x,4710.4)

500.0000 500.0000 500.0000 500.0000
*gflag=1 (reported delGOf used)
* basic source = 82wag/eva
* delGOf = -1682.600 kj/mol
*delHOf = 2092.000 kj/mol
* SOPrTr=  2092.000 j/(mol*K)
+

(Material Deleted)
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The pure liquids superblock follows. The format of a pure liquid block is identical to that in a
pure mineral block. The pure liquids superblock is read by EQPT, but no corresponding data are
written on thedatalfile. This is because EQ3NR and EQ6 have no capability for handling pure
liquid species. Note that water does not appear in this superblock. This superblock is illustrated
by the following, taken frondata0.com.R10

liquids
+

br2
date last revised = 18-may-1990 (see above for formats)
keys =liquid refstate active
VOPrTr=  0.000 cm**3/mol (source = )
1 chemical elements =
2.0000 br
5 species in data0 reaction
-1.0000 br2 -1.0000 h2o0
0.5000 02(g) 2.0000 br-
2.0000 h+
* log k grid (0-25-60-100/150-200-250-300 C) =
-5.8592 -5.0927 -4.4059 -3.9728
-3.7893 -3.9054 -4.2985 -5.0485
* Extrapolation algorithm: cp integration
*gflag =1 (reported delGOf used)
* basic source = 89cox/wag
* delGOf = 0.000 kj/mol
* delHOf = 0.000 kj/mol
*SOPrTr= 152.210 j/(mol*K)
* cp source = 79rob/hem units = jou
* T**0 0.36060000E+02
* cp source = 79rob/hem units = jou
* T**0  0.38426000E+02
* T**-0.5-0.22423000E+02
* T**-2 -0.95885000E+05
* T*2  0.13663000E-06
*Tlimit = 1526.850 C
+

(Material Deleted)

The gas species superblock follows. The format of a gas species block is identical to that in a pure
mineral block. This superblock is illustrated by the following, taken fdata0.com.R10

gases
+
ag(g) )
date last revised = 05-apr-1988 (see above for formats)
keys =gas active
VOPrTr=  0.000 cm**3/mol (source = )
1 chemical elements =
1.0000 ag
5 species in data0 reaction
-1.0000 ag(qg) -1.0000 h+
-0.2500 02(g) 0.5000 h2o
1.0000 ag+

* log k grid (0-25-60-100/150-200-250-300 C) =
55.5477 50.3736 44.4663 39.1150
33.8983 29.8254 500.0000 500.0000
* Extrapolation algorithm: constant enthalpy approximation
*gflag =2 (calculated delGOf(delHOf,SOPrTr) used)
* basic source = 89cox/wag
* delGOf = 246.040 kj/mol
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*delHOf = 284.900 kj/mol
*SOPrTr= 172.888 j/(mol*K)
+

(Material Deleted)

The solid solutions superblock follows the gas species superblock. A solid solution block con-
sists of the name of the solid solution phase, a list of end-member component species, a mixing
law to define the activity coefficients of these species, and a set of parameters for this mixing law.

A set of site parameters may also be specified. Each end-member component must be represented
on the data file as a pure mineral. For each end member, there is also specified an upper limit
to its mole fraction in the solid solution. This superblock is illustrated by the following, taken

from data0.com.R10

solid solutions (a24)
+
(Material Deleted)
+
carbonate-calcite (ca,mn,zn,mg,fe,sr)co3 (a24)
date last revised = 22-dec-1987 (not read)
keys =ss ideal active (not read)
6 end members i3)
1.0000 calcite 1.0000 magnesite (5x,2(f6.3,2x,a24,5x))
1.0000 rhodochrosite 1.0000 siderite
1.0000 smithsonite 1.0000 strontianite
type =1 (10x,i1)
0 model parameters (i3)
1 site parameters (i3)
1.000 0.000 0.000 0.000 0.000 0.000 (616.3)
+
(Material Deleted)

Of the present five data files, only tbem file contains any solid solutions. These are all ideal
(“type =1 "), except for olivine, which is treated as a binary regular solutiyp¢" =

3”). The “model parameters " are the set of interaction coefficient parameters. For an ideal
solution, there are none. If there were any such parameters, they would be enterechbdbw *
parameters " using the format illustrated foisite parameters ”. Both kinds of param-

eters are currently stored in different parts of the same apaygee Chapter 3). In current prac-

tice, one site parameter is declared for each solid solution, regardless of type. This is stored as
apx(7,nx) for thenx-th solid solution. If the solution is not ideal, however, the number given as

a site parameter is not used as such (ion most cases is simply not used). It and other members in
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the site parameter range of égex array may be used instead to store additional interaction co-
efficient parameters.

The references block is the last part of the data file. It contains references. It is terminated by a
line beginning with 8top. . Itis illustrated by the following, taken frodata0.com.R10

references
+
Abrahams, s.c., bernstein, j.l., and nassau, k., (1976) transition me
tal iodates. vii. crystallographic and nonlinear optic survey of the
4f-iodates journal of solid state chemistry 16, 173-184.
76abr/ber

(Material Deleted)

stop.

EQPT does not write the contents of this block ontalttalfile. This block is present only to
provide a means of documenting the data present on the data file.

4.2. The hmw Archetype for the dataO File

The basic structure of themw archetype is illustrated in Figure 3 (compare with Figure 2). This

is identical to theom archetype, except for two differences. The “data0” parameters block has

a slightly different content, and the “bdot” parameters block is replaced by two superblocks, one
for Pitzer coefficient data pertaining to pure aqueous neutral electrolytes, the other to such data
pertaining to mixtures of two aqueous neutral electrolytes containing a common ion.

The “data0” parameters block data0.hmw.R10is as follows:

dataO parameters
+

temperature limits @)
25.0000 25.0000 (5x,2f10.4)

temperatures
0.0100 25.0000 60.0000 100.0000 (5x,4f10.4)
150.0000 200.0000 250.0000 300.0000

pressures

1.0132 1.0132 1.0132 1.0132

4.7572 15.5365 39.7365 85.8378
debye huckel aphi

0.3770 0.3920 0.4190 0.4610

0.5300 0.6230 0.7540 0.9600
log k for eh reaction

-91.0448 -83.1049 -74.0534 -65.8641

-57.8929 -51.6848 -46.7256 -42.6828

Note thatA, appears in place &, 1o By, B, and theC, F, G, E, andH coefficients from Drum-
mond (1981) do not appear in this block in this archetype. AlthéygimdA, 1 are related by

theory, the former should not be calculated from the latter, as slight but significant differences in
the value of Debye-Hickel parameters occur from model to model (see Chapter 3), hence also
from data file to data file. This is also why the values of the Debye-Htickel parameters are written
on the data files instead of being hard-wired into EQ3NR and EQS6.
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Header (lata0, data file key, stage number)

Title

“data0” parameters block:
» Temperature limits°C)
 Temperature®C), standard grid
* Pressure (bars), standard grid
. A(p standard grid
* log Kgp, standard grid

Pure electrolyte parameters superblock:
.S i e (M — @
pecies pairsyx n= 1,2 andCy,y

Electrolyte mixtures parameters superblock:
* Species triplets®0y,,,  anGyx
or Sexx andy, xx

Chemical elements block:
* Elements, atomic weights

Aqueous species superblock:
» Strict basis species
* Auxiliary basis species, witlog K
on the standard grid
» Non-basis species, witbhg K
on the standard grid

Pure minerals superblock:
* Pure minerals, wittog K
on the standard grid

Pure liquids superblock:
* Pure liquids, witHog K
on the standard grid

Gas species superblock:
* Gas species, witlog K on the standard
grid

Solid solutions superblock:
* Solid solutions

References block:
» References

Figure 3. The basic structure of the dataO file for the hmw archetype.
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The superblock for Pitzer parameters for pure agueous neutral electrolytes is illustrated by the
following, which is taken frondata0.hmw.R1Q This superblock begins with the head&n*

gle-salt parameters ”. The contents of a typical block, illustrated by that for the species
pair “‘na+ cl- ", is obvious. A block can also be entered for a species pair consisting of
one or more neutral species. Thisisillustrated below by the block for the specisgsair “

co2(aq) ". Note that here thebeta ” parameters are really lambda parameters. EQPT maps

the observable Pitzer parameters and their corresponding temperature derivatives in this super-
block into corresponding conventional primitive equivalents. The conventional primitive equiv-
alents are then written onto tatal file. The mapping relations are given in Chapter 3. Note

that the standard temperature grid is not used to deal with the temperature dependence of any of
the parameters of Pitzer’s (1973, 1975, 1979, 1987) equations, with the exceptioAfDthe

bye-Hickel parameter (which is not unique to these equations).

single-salt parameters (a12)
+
na+ cl- (al 2,2x,al2)
1 -1 (f3.0,t15,13.0)
*
betaO = 0.07650 betal = 0.26440 beta2 = 0.00000 (2x,3(11x,19.5)
alphal= 2.0 alpha2 = 12.0 (18x,2(16x,f5.1))
*
cphi = 0.00127 (13x,f9.5,12x,5.1)
source = 84har/mol (13x,a18)
*
*
db0/dt = 0.000E+00 d2b0/dt2 = 0.000E+00 (13x,e10.3,13x,e10.3)

dbl/dt= 0.000E+00 d2b1/dt2 = 0.000E+00

db2/dt= 0.000E+00 d2b2/dt2 = 0.000E+00

dc/dt= 0.000E+00 d2c/dt2 = 0.000E+00

source = (13x,a18)
+

(Material Deleted)

The superblock for Pitzer parameters for mixtures of two aqueous neutral electrolytes is illustrat-
ed by the following, which is taken frodata0.hmw.R10Q This superblock begins with the head-

er “mixture term parameters ”. The contents of a typical block, illustrated by that for

the species tripletfa+ k+ cl- ", is obvious. EQPT maps the observable Pitzer
parameters and their corresponding temperature derivatives in this superblock into correspond-
ing conventional primitive equivalents. The conventional primitive equivalents are then written
onto thedatal file. The mapping relations are given in Chapter 3.

mixture term parameters @)
+
na+ k+ cl- (al2,2(2x,a12))
*
theta =-0.01200 psi =-0.00180 (13x,18.5,13x,18.5)
source = 84har/mol (13x,a18)
*
*
dth/dt= 0.0000 d2th/dt2 = 0.000E+00 (13x,10.3,13x,e10.3)
dpsi/dt= 0.0000 d2ps/dt2 = 0.000E+00
source = (13x,a18)

+
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(Material Deleted)

4.3. The com Archetype for the datal/datalf Files

Thedatalfile, being unformatted, can not be printed or displayed in meaningful fashion. The
datalffile is a formatted equivalent. It can be useful in debugging if there are problems with a
dataOfile or with EQPT. It also suffices to illustrate the structure ofitital file. In essence,

each line of data idatalfrepresents one logical record of datdatal. Some block terminator
lines appear idatalfto assist readability. The stringridit. " is frequently used to mark the

end of superblocks.

Thedatalf file corresponding tdata0.com.R10s presented below. Material has been deleted
where appropriate in order to present the essential facts, following the practice established earlier
in presenting the major parts of thataOfile structure. Some notes are superimposed on the ma-
terial presented below. These are distinguished by the use of bold italic font.

Note that the structure of tidatal/datalffiles differs in some ways from that of the correspond-

ing dataOfile. In particular, the superblocks containing activity coefficient data (here the “bdot”
parameters) appear at the end of the file, instead of near the beginning. Also, the nominal tem-
perature limits appear in a different location from that in which the data for the other “data0” pa-
rameters. The structure of the species blocks is also slightly different. EQPT computes the
molecular weight of each species and puts this in the species block writtatadidatalf. Note

that all data represented on thegaO file on the standard temperature grid are replaced by the
coefficients of interpolating polynomials. The first 5 coefficients represent a fit to the data in the
range 0-10€C, the second five the data in the range 100:3B0Uhe first example of this in the
material below occurs for the pressupeess ”.

A datal/datalf file begins with a record/line containing the strim@tal ”. This is followed

by one containing the key stringtfipc " (comarchetype) orstpitz " (hmw archetype).

The third record/line contains the number of chemical elements and the number of basis species
(strict plus auxiliary). The fourth record/line contains the name afdkefile used to generate

the presentlatal/datalf file. This record/line is appended to the title as its first line.

datal
stfipc (key string for a file of the com archetype)
78 147 (number of chemical elements, number of basis species)

data0.com.R10

THERMODYNAMIC DATABASE

generated by gembochs/INGRES 15-apr-91
+

0.0000 300.0000 (temperature limits)
+
o] 15.99940 0.00000 (the zeros in the this block
ag 107.86820 0.00000 represent the oxide factor,
al 26.98154 0.00000 which is no longer used)

-38-



(Material Deleted)

zr 91.22400 0.00000

press

1.013200000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
-4.345000000E-01 7.632333333E-03 5.514000000E-05-1.263733333E-06 1.396800000E-08
adh

4.938943704E-01 5.628991135E-04 5.680199734E-06-7.486279129E-09 0.000000000E+00
6.123000000E-01-2.559500000E-03 3.578166667E-05-1.378000000E-07 2.313333333E-10
bdh

3.252987270E-01 1.272991554E-04 5.443822909E-07-1.372465408E-09 0.000000000E+00
3.311000000E-01-2.133333333E-05 1.913333333E-06-7.066666667E-09 1.066666667E-11
bdot

1.738490207E-02 1.510054148E-03-2.607766840E-05 1.383863672E-07 0.000000000E+00
1.090000000E-01-1.483333333E-03 1.173333333E-05-3.466666667E-08 2.666666667E-11
cco2

-1.031200000E+00 1.280600000E-03 2.559000000E+02 4.445000000E-01-1.606000000E-03
xlkeh

-9.104826360E+01 3.463716921E-01-1.212214387E-03 2.669138257E-06 0.000000000E+00
-9.006110000E+01 3.154611667E-01-8.761516667E-04 1.533533333E-06-1.211333333E-09
aqueous

h2o0 20 (name, # of elements, # of species in reaction)
18.015 O. (molecular weight, charge)
1.0000 o 2.0000 h
(Material Deleted)
02(g) 10 (name, # of elements, # of species in reaction)
31.999 0. (molecular weight, charge)
2.0000 o
(Material Deleted)
acetic acid(aq) 3 4 (name, # of elements, # of species in reaction)
60.053 0. (molecular weight, charge)
2.0000 c 2.0000 o
4.0000 h
-1.0000 acetic acid(aq) -2.0000 02(qg)
2.0000 h+ 2.0000 hco3-

1.504679814E+02-6.181568055E-01 1.997116069E-03-4.266161503E-06 0.000000000E+00
1.486100000E+02-5.620795000E-01 1.405498333E-03-2.245400000E-06 1.456666667E-09

(Material Deleted)
(npo2)2(oh)2++ 3 4 (name, # of elements, # of species in reaction)
572.108 2. (molecular weight, charge)
2.0000 h 2.0000 np
6.0000 o
-1.0000 (npo2)2(oh)2++ -2.0000 h+
2.0000 h2o 2.0000 npo2++

7.128571429E+00-3.176190476E-02 1.047619048E-04 0.000000000E+00 0.000000000E+00
5.800000000E+00-8.000000000E-03 0.000000000E+00 0.000000000E+00 0.000000000E+00

(Material Deleted)
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endit.
minerals

(pb(oh)2)3.pbcl2 4 5 (name, # of elements, # of species in reaction)
1001.749 0. 0.000 (molecular weight, charge, molar volume)
2.0000 cl 4.0000 pb
6.0000 h 6.0000 o
-1.0000 (pb(oh)2)3.pbcl2 -6.0000 h+
2.0000 cl- 4.0000 pb++
6.0000 h2o

1.727930000E+01 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00
5.000000000E+02 0.000000000E+00 0.000000000E+00 0.000000000E+00 0.000000000E+00

(Material Deleted)

endit.
gases
ag(g) 15 (name, # of elements, # of species in reaction)
107.868 0. 0.000 (molecular weight, charge, molar volume)
1.0000 ag
-1.0000 ag(g) -1.0000 h+
-0.2500 02(g) 0.5000 h2o
1.0000 ag+
5.554995563E+01-2.255708754E-01 7.834836108E-04-1.712704203E-06 0.000000000E+00
5.297980000E+01-1.615240000E-01 2.287600000E-04 0.000000000E+00 0.000000000E+00

(Material Deleted)
endit.
solid solutions
(Material Deleted)
carbon